Abstract. Cancer stem cells (CSCs) have self-renewal and pluripotency capabilities and contribute to cancer progression and chemoresistance. It has been proposed that the treatment resistance and heterogeneity of CSCs are deeply involved in the prognosis of patients with esophageal squamous cell carcinoma (ESCC). The objective of this study was to identify the influence of the expression status of the CSC markers CD44 and CD133 on chemotherapeutic efficacy and prognosis in ESCC patients who underwent radical esophagectomy after neoadjuvant chemotherapy (NAC). Endoscopically biopsied specimens taken before NAC and surgically resected specimens after NAC were immunohistochemically assessed for CD44 and CD133 expression for 47 ESCC patients who underwent NAC followed by radical esophagectomy. The correlation between CD44 and CD133 expression status and clinicopathological findings and the prognosis of ESCC patients after NAC followed by esophagectomy were analyzed. The percentages of CD44-positive cells and CD133-positive cells in specimens were increased after NAC. CD44 and CD133 expression status before NAC did not correlate with the degree of tumor progression and had no impact on the chemotherapeutic effect. However, strong expression of CD44 or CD133 and a high proportion of CD133-expressing cells before NAC were significantly associated with poorer esophageal cancer-specific survival. Patients with strong expression of CD44 or CD133 and those with a high ratio of CD133-positive tumor cells showed significantly poor prognosis regardless of the effect of chemotherapy. Multivariate analysis showed that simultaneous strong expression of CD44 and CD133 before NAC, a high rate of CD133-positive tumor cells before NAC, and primary tumor remission assessed by preoperative endoscopy were significant independent prognostic factors for ESCC. Our data indicate that CD44 and CD133 expression status prior to treatment dictates the malignant potential of ESCC and may be a novel predictor of recurrence and prognosis of ESCC patients after treatment.
Introduction
The Japan Clinical Oncology Group (JCOG) 9907 study demonstrated the effectiveness of resection after neoadjuvant chemotherapy (NAC) using a combination of 5-fluorouracil (5-FU) and cisplatin (CDDP) for patients with cStage II or III advanced esophageal cancer (1) . On the basis of these findings, NAC followed by surgery is now a standard treatment strategy for patients with advanced esophageal squamous cell carcinoma (ESCC) in Japan's Esophagus Cancer Treatment Guidelines (2) .
Although cancer stem cells (CSCs) represent only a small fraction of the cancer cluster, they have self-renewal and pluripotency capabilities similar to normal stem cells and contribute to the differentiation and proliferation of cancer cells (3) . In addition, CSCs are known to be resistant to anticancer drugs and radiation. The treatment resistance and heterogeneity of CSCs are thought to play a substantial role in the prognosis of patients with ESCC.
CD44 is one of the most frequently used markers to identify a subpopulation of cells with CSC properties in various solid tumors and is broadly accepted as a marker of poor prognosis in various cancers (4) (5) (6) (7) (8) (9) . CD44 plays a central role in the remodeling and degradation of hyaluronan that leads to cell migration, cancer invasion, and metastasis. CD133 is another cell surface marker of CSCs and a predictor of prognosis in ESCC patients (10) (11) (12) . Correlative studies of tumor specimens prior to chemotherapy can provide information on biomarkers that may predict response or resistance to chemotherapy. However, there have been few studies examining the expression pattern of both CD44 and CD133 in ESCC tissue.
Therefore, we conducted this study to investigate the influence of a combination of the CSC markers CD44 and CD133 on the therapeutic response and prognosis of ESCC patients who underwent NAC followed by radical esophagectomy.
Materials and methods
Human tissue samples. The present study included endoscopic biopsy specimens taken before treatment and surgically resected specimens from 47 patients with ESCC who underwent video-assisted thoracoscopic esophagectomy (VATS-E) or blunt esophagectomy after preoperative chemotherapy between 2008 and 2012 at Kanazawa University Hospital. Cancer tissue specimens were collected from the patients after informed consent was obtained, in accordance with the institutional guidelines of our hospital. All patients were staged to cStage i, ii, iii and iV according to the 7th edition of the Tumor-Node-Metastasis (TNM) Staging system (13) . The histological types of tumors were classified according to the wHO Classification of Tumors of the Digestive System, 4th edition (14) . All resected primary tumors and lymph nodes were subjected to standard hematoxylin and eosin staining and classified according to the TNm classification system (13) . Histologically, all of the tumors were squamous cell carcinomas (SCCs) (7 well differentiated, 18 moderately differentiated, and 22 poorly differentiated). Positive lymph node metastasis was suspected in 36 cases (76.6%) prior to treatment and 30 cases (63.8%) were proved to have pathological lymph node metastases. The median follow-up period was 42 months (range, 6-82 months). During this period, 20 patients (42.6%) experienced a recurrence.
Assessment of clinical and pathological response to NAC.
The clinical response of the primary tumor was evaluated by endoscopic examination according to the response Evaluation Criteria in Solid Tumors (15) . The pathological response was histopathologically diagnosed according to the evaluation criteria of the Japan Esophageal Society (16) using a 5-grade scale (grades 0, 1a, 1b, 2 and 3) as follows: grade 0, no response or almost no change in cancer cells after treatment; grade 1, slight response; grade 1a, mild response, mild change in cancer cells regardless of the area, or marked changes in cancer cells in less than one-third of total cancer cells; grade 1b, moderate response, marked changes in one-third or more but less than two-thirds of tumor cells; grade 2, marked response or marked changes in two-thirds or more of tumor cells; and grade 3, no residual tumor cells, necrosis or disappearance of all tumor cells, or replacement of all cancer cells by granuloma-like and/or fibrous tissue. Patients were classified into two groups according to histopathological effect as follows: a poor response group of grades 0, 1a and 1b, and a good response group of grades 2 and 3.
Immunohistochemistr y. For im munohistochem ical examination, 20% formalin-fixed and paraffin-embedded specimens were retrieved from the surgical pathology files of the Pathology Section of Kanazawa University Hospital, Kanazawa, Japan. The expression of CD44 and CD133 in endoscopic biopsy specimens and surgically resected ESCC specimens was examined immunohistochemically using a horseradish peroxidase (HrP)-based method. To identify the antigen in tissues, deparaffinized sections were pretreated by autoclaving in 10% citric acid buffer (pH 8.0) at 120˚C for 15 min. After pretreatment with protein block serum (Dako Cytomation, Kyoto, Japan) for 10 min and 2% skim milk for 20 min to block nonspecific reactions, the sections were incubated with mouse anti-CD44 monoclonal antibody [diluted 1:100 in phosphate-buffered saline (PbS); r&D Systems, inc., minneapolis, mN, USA] or rabbit anti-CD133 (PrOm-1) polyclonal antibody (diluted 1:250 in PbS; Abnova Corporation, Taipei, Taiwan) at 4˚C overnight. After incubation, the Envision+ polymer solution (HRP-conjugated secondary antibody; Dako Cytomation) was applied for 1 h. The reaction products were developed in 0.02% 3,3'-diaminobenzidine tetrahydrochloride (DAb) solution containing 0.1% H 2 O 2 . The sections were then lightly counterstained with hematoxylin and the slides were examined under a microscope (Olympus, Tokyo, Japan).
Evaluation of immunohistochemical variables.
Immunohistochemical staining of CD44 and CD133 in tumor tissues was evaluated microscopically. Specimens were defined as positive for CD44 and CD133 expression when positive staining was noted in the cytoplasm and/or cell membrane of the tumor cells regardless of the strength of staining and ratio of positive cells. The interpretation of immunoreactivity was performed in a semi-quantitative manner by analyzing both the percentage of positive cells and the intensity of staining. The percentage of positive staining cells in the specimens was divided into two groups as follows: low-rate group, less than 80% of cancer cells were positive; high-rate group, more than 80% of the cancer cells were positive. The intensity of staining was divided into two groups as weak or strong. we examined the correlation between CD44 and CD133 expression status and clinicopathological factors of the tumor prior to treatment, clinicopathological therapeutic effects after NAC, and the prognosis of ESCC patients after treatment. we also evaluated changes in the proportion of CD44 and CD133-expressing tumor cells in the tissue before vs. after chemotherapy.
Statistical analysis. results are expressed as the mean ± standard deviation. immunohistochemical results of CD44 and CD133 expression status before and after NAC and the correlation between the histopathological effects of chemotherapy with the clinical variables were analyzed using paired Student's t-test or mann-whitney U test and assessed by the chi-square test or Fisher's exact test as appropriate. The kaplan-Meier method was used to analyze survival, and the log-rank test was used to estimate differences in survival. Prognostic factors were examined using univariate analysis, multivariate analysis, and the Cox proportional hazards regression model. Statistical significance was assumed for P<0.05. All analyses were performed with SPSS ibm Statistics ver. 22; ibm Corp., Armonk, Ny, USA).
Results

Expression of CD44 and CD133 in endoscopic biopsy specimens and resected esophageal cancer specimens.
representative expression patterns of CD44 and CD133 in ESCC biopsy specimens are shown in Fig. 1 . CD44 immunoreactivity was diffusely evident in membranous and granular cytoplasmic patterns ( Fig. 1A and D) whereas CD133 immunoreactivity was diffusely evident in granular cytoplasmic and intranuclear patterns (Fig. 1E) . Demographics of the 47 ESCC patients categorized according to CD44 and CD133 expression status in biopsied specimens before chemotherapy are shown in Table i . Strong or weak positive CD44 staining was observed in all cases and only one case showed negative staining of CD133. A single case with negative expression of CD133 was included in the weak intensity group. The level of CD44 and CD133 expression before NAC was not associated with preoperative assessment of tumor depth, lymph node metastasis, degree of tumor differentiation, and cStage (Table I) .
The expression status of CD44 and CD133 in tumor cells in the biopsied specimens before NAC and the resected tissue after NAC in same patients was analyzed (Fig. 2) . CD44-or CD133-positive cell were diffusely observed in the biopsied specimens before chemotherapy ( Fig. 2A and C , and E and G). In some cases with high chemotherapeutic effects, CD44-or CD133-positive cell clusters were observed in the necrotic and fibrotic areas of resected tissues of ESCC after NAC ( Fig. 2b and F) . However in the cases with poor chemotherapeutic effects, most CD44-or CD133-positive cells distributed similarly to the pre-treatment state ( Fig. 2D and H ). There were almost no obvious changes in the intensity before and after chemotherapy. The median rate of CD44-positive and CD133-positive cells in endoscopically biopsied specimens before chemotherapy was 65.5±16.3 and 62.3±21.6%, respectively. in contrast, the median rate of CD44-positive and CD133-positive cells in resected specimens after NAC was 73.8±20.1 and 73.8±19.6%, respectively. The rates of both CD44-positive and CD133-positive cells in the tissue were significantly increased after chemotherapy (CD44, P= 0.012; CD133, P=0.008) (Fig. 3) .
Correlations between CSC marker expression before chemotherapy and clinicopathological effects of chemotherapy.
There was no significant correlation between the status of each CSC marker before NAC and the clinicopathological effects of NAC (Table II) . However, the histopathological effect of NAC in resected specimens was significantly correlated with clinical response after NAC, tumor depth, and cStage (Table III) .
Prognostic significance of CD44 and CD133 expression.
Survival analyses showed that strongly positive expression of CD44 or CD133 before NAC was significantly correlated with poor esophageal cancer-specific survival (ECSS) (P= 0.003 and P= 0.024, respectively) ( Fig. 4A and C) . Fifteen ESCC patients with a high positive rate of CD133 expression before NAC showed significantly poorer ECSS than patients with a low positive rate of CD133 expression (P= 0.003) (Fig. 4D) . However, the positivity rate of CD44 expression before NAC had no significant prognostic impact on ECSS (P= 0.446) (Fig. 4b) . we also analyzed the impact of combined expression of CD44 and CD133 on the outcome of ESCC and found that ESCC patients with CD44 strong /CD133 strong expression showed significantly poorer ECSS than those with CD44 weak or CD44 strong /CD133 weak expression (P<0.001) (Fig. 5) .
The results of univariate and multivariate survival analysis for CSC markers and each clinicopathological factor are shown in Table iV . we found that CD44 strong /CD133 strong expression, higher positive rate of CD133 expression before NAC, and progressive response in the primary tumor evaluated by endoscopy were significant unfavorable prognosticators for ECSS (Table IV) .
Discussion
in the present study, we found that the combination of CD44 and CD133 expression status before NAC was a novel predictor of the prognosis of ESCC patients who underwent surgical resection after chemotherapy. Despite the development of treatment strategies the prognosis of ESCC remains poor because of its high rate of recurrence and metastasis. The prognosis of ESCC patients cannot be accurately estimated based only on clinicopathological factors such as pretreatment TNM stage or the degree of tumor differentiation; it is also critical to classify the effectiveness of chemotherapy and the probability of recurrence or metastasis in pretreatment ESCC patients.
It has been reported that NAC has numerous advantages in various solid tumors and pathological response data for NAC are thought to be very beneficial as surrogate markers for long-term clinical outcome (17, 18) . To estimate the therapeutic response and prognosis after therapy, we investigated the CSC profile in primary ESCC tissue because CSC-like cells are known to be resistant to chemotherapy or radiation and are often characterized by elevated expression of the stem cell surface markers CD44 and CD133 (18) (19) (20) (21) . Stem cells are characterized by the properties of self-renewal and pluripotency. CSC-like cells are thought to be tumor-initiating cells (TiCs) and exhibit characteristics of low rates of proliferation, a high capacity for self-renewal, and a propensity to differentiate into actively proliferating cancer cells (3, 22) . To date, several markers have been used to identify CSCs, including CD44, CD133, aldehyde dehydrogenase 1 (ALDH1), Table ii. Correlation between CSC marker expression before chemotherapy and clinicopathological variables after chemotherapy. ----------------------------------------------------------------------------------------------------------------------------------------------------------- adenosine triphosphate-binding cassette superfamily G member 2 (AbCG2), and bmi-1 (4, 11, (23) (24) (25) (26) (27) . Among these, CD44 and CD133 are known to be representative markers of CSCs. In the present study, we performed immunohistochemical analyses for the detection and the assessment of CSC-like cells by examining CD44 and CD133 expression in ESCC tissues before and after chemotherapy. CD44 is the transmembrane adhesion receptor for hyaluronan and plays a central role in the remodeling and degradation processes of hyaluronan that lead to cell migration, as well as to cancer invasion and metastasis through cell-cell and cell-extracellular matrix adhesion. many researchers have demonstrated that CSCs express CD44-related surface markers. CD44 is one of the most frequently used markers to identify a subpopulation of cells with CSC properties in solid tumors, including colon cancer, head and neck SCC, lung cancer, gastric cancer, pancreatic cancer, and ESCC, and is broadly accepted as a marker of poor prognosis in various cancers (4-9). biddle et al (28) reported that CD44 and epithelial cell adhesion molecule (EpCAm) expression in CSCs correlated with the switch between mesenchymal phenotype and epithelial phenotype in association with the epithelial-to-mesenchymal transition (EmT) in head and neck SCC. it has also been reported that CD44-positive CSCs exhibit molecular characteristics associated with EMT in SCC (29) (30) (31) . CD44 downregulates E-cadherin expression, upregulates vimentin and matrix metalloproteinase (mmP), and inhibits the formation of membrane-associated E-cadherin-β-catenin complex, resulting in cell invasion and migration (30) . it has also been reported that CD44 is a novel surface marker of TICs, a subpopulation of cells with the ability to self-renew as well as drive the initiation and progression of cancer (9, 22) . These findings suggested that CD44 expression may correlate with cancer cell viability, postoperative recurrence, and metastasis of solid tumors through the process of EMT and resistance to chemotherapy and radiation.
CD44 CD133 ---------------------------------------------------------------------------------------------------------------------------------------------------------
CD133 protein encoded by the PROM1 gene is known as a cell surface marker of stem cells, including embryonic stem cells and progenitor cells (32, 33) . It has been reported that CD133 is also expressed on CSCs, such as leukemic stem cells and liver CSCs (10, 11) . it has also been reported that CD133 immunoreactivity is a good predictor of prognosis in ESCC patients and that CD133 may play a role in the regulation of the tumor cell cycle through p27 and p16 in ESCC (12) . in the present study we observed strongly positive expression of CD44 and CD133 in 51.1 and 48.9%, respectively, of the biopsied specimens before NAC. Little change in the intensity of CD44 and CD133 expression was observed in resected specimens after NAC, but enrichment for CD44-or CD133-positive cells was observed in post-NAC tumor specimens compared with pre-NAC specimens. The results of survival analyses showed that strongly positive expression of CD44 or CD133 and higher positive rate of CD133 before NAC were significantly correlated with a poorer prognosis. in addition, combination analysis of CD44 and CD133 was useful for predicting relapse-free survival. Multivariate analysis showed that simultaneous strong expression of CD44 and CD133, a high positive rate of CD133-expressing tumor cells, and a progressive response in the primary tumor were independent prognosticators for ECSS.
in the present study, CD44 and CD133 positive ratio before chemotherapy was 65.5 and 62.3%, respectively. we tried to examine the proportion and distribution of CSCs in tumor tissue by CD44 and CD133 immunoreactivity. it is considered that CD44-and/or CD133-positive cells does not represent actual CSCs, because the ratio of CD44-and/or CD133-positive cells is much higher than the actual proportion of exact CSCs in tumor tissue. However, it is considered that CD44 and/or CD133-expressing tumor cells have the characteristics of cancer stem-like cell properties. Histological chemo-resistance and prognostic significance of these markers before treatment may support this hypothesis. Generally, previous studies have reported that the histopathological response reflects the prognosis of solid cancers and that CSC marker expression was correlated with treatment resistance (17) . Aomatsu et al (18) reported that the cCr rate of CD133-positive tumors was significantly lower than that of CD133-negative tumors and that CD133 expression before NAC was an independent predictive factor for pCR in breast cancer. Other studies also showed that higher expression of CD133 was a poor prognostic factor and was correlated with resistance to chemotherapy and radiation in colorectal cancer (23, 34) . Sahlberg et al (21) demonstrated that colon cancer cells with high CD133 and CD44 expression were associated with AKT expression and increased radiation resistance, and that the various AkT isoforms had different effects on the expression of CSC markers. in the present study, we found that ESCC patients with strong expression of CSC markers in pre-NAC specimens had a poor prognosis regardless of the effect of chemotherapy. From these results, it was inferred that non-CSC like cells were consigned to cell death after chemotherapy whereas highly chemoresistant CSC marker-positive cells survived. Our finding that patients with CD44 strong or CD133 strong expression had poorer prognosis (Fig. 4) was consistent with the results of previous studies (18, 23, 34) . in addition, our present study also revealed the value of the combined CD44 and CD133 expression status as a more sensitive prognostic predictor in ESCC patients than CD44 or CD133 expression status alone.
Assessment of the chemoresistance of each tumor is very important for the selection of effective treatment methods, but no definitive biomarkers have been shown to predict the therapeutic effects. Correlative studies of tumor specimens before and after NAC may provide further information on markers that predict the response or resistance to chemotherapy. However, only a few studies have previously examined the histopathological responses in tumors before and after chemotherapy (35) . The present study investigating the expression status of CSCs markers before and after chemotherapy provides the prognostic significance of CSC marker expression status before chemotherapy, indicating that the high population of CSC-like tumor cells shows chemoresistance.
Our study revealed that CSCs that were originally present in tumor tissues reflect the high risk of metastasis and recurrence and the poor prognosis of ESCC patients because of the refractoriness of these cells to chemotherapy. Deregulation of the refractoriness of CSCs to anticancer drugs may have an immense clinical benefit on the prognosis of patients with ESCC.
In the future, it will be possible to predict the optimal combination of anticancer drugs using the expression of a combination of key proteins in tumor tissues as a criterion to decide treatment selection and predict adverse effects. ALDH1 has been indicated as a possible candidate for a CSC marker (23) . The expression of ALDH1 was correlated with clinicopathological factors and clinical outcomes of patients with ESCC (24) . ALDH1 was also found to be a more significantly predictive marker than CD44 + /CD24 -for the identification of breast CSCs in terms of resistance to chemotherapy (35) . In a study of the prognostic value of AbCG2 and CD133 expression in ESCC patients, AbCG2 expression was found to be significantly correlated with survival whereas CD133 expression was not (26) . if it is possible to use combinations of various biomarkers for more effective prediction of therapeutic effects, we may expect the development of tailor-made treatments and an improvement in prognosis in not only patients with ESCC, but also in those with various other tumors. Understanding the molecular biology of CSC-associated molecules is now essential for the development of more effective cancer treatments. Moreover, an understanding of CSC characteristics associated with the development of cancer and carcinogenesis may have clinical applications for the prediction of refractoriness to radiation or chemotherapy. Finally, although CSCs are considered to play a pivotal role in tumor progression and the metastatic process, other mechanisms that impair the malignant potential and chemoresistance should also be investigated.
in conclusion, combination analysis of CD44 and CD133 expression can be useful to predict prognosis of ESCC patients. immunohistochemical assessment of CSC markers in pretreatment ESCC specimens may help physicians determine the malignant potential of an individual patient's tumor and their likely prognosis. Figure 5 . Esophageal cancer-specific survival curves of esophageal cancer patients categorized according to combined CD44 and CD133 expression status in biopsied specimen tissues before chemotherapy. The cases with CD44 strong /CD133 strong expression showed significantly poorer prognosis than those with other combinations of CD44 and CD133 status ( * P<0.001). A single case with negative expression of CD133 was included in the weak intensity group.
